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microdiscectomy.
Methods: Patients were randomly assigned into transmuscular (n=12) or paramedian lumbar surgery (n=13).
After surgery, the samepatientswere randomly assigned into individualized active physiotherapy starting 2weeks
after surgery (n= 12) or usual care (n= 13). Primary outcomes were center of pressure displacement during
ankle and back muscles vibration (to evaluate proprioceptive use), and the duration of five sit-to-stand-to-sit
movements, evaluated at 2 (baseline), 8 and 24 weeks after surgery.
Findings: Two weeks after surgery, all patients showed smaller responses to back compared to ankle muscles
vibration (P b 0.05). Patients that underwent a transmuscular surgical procedure and patients that received
physiotherapy switched to larger responses to back muscles vibration at 24 weeks, compared to 2 weeks after
surgery (P b 0.005), although not seen in the paramedian group and usual care group (P N 0.05). Already
8 weeks after surgery, the physiotherapy group needed significantly less time to perform five sit-to-stand-to-sit
movements compared to the usual care group (P b 0.05).
Interpretation: Shortly after lumbar microdiscectomy, patients favor reliance on ankle proprioceptive signals
over lumbosacral proprioceptive reliance to maintain posture, which resembles the behavior of patients with
non-specific low back pain. However, early active physiotherapy after lumbar microdiscectomy facilitated higher
reliance on lumbosacral proprioceptive signals and early improvement of sit-to-stand-to-sit performance.
Transmuscular lumbar surgery favoured recovery of lumbosacral proprioception 6 months after surgery.
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Sit to stand1. Introduction
Up to 78% of the low back pain (LBP) patients relapse into a pain
episode (Airaksinen et al., 2006). When persistent nerve root compres-
sion caused by disc herniation is present, lumbar microdiscectomy is
recommended. Despite the high success rate of first-time lumbarlitation Sciences, KU Leuven,
. Janssens),
.Claeys@faber.kuleuven.be
.Goossens@kuleuven.be
s),
ns, FontysUniversity of Appliedmicrodiscectomy in terms of neural repair, residual functional com-
plaints are not infrequent (Loupasis et al., 1999). Short term after
surgery, lumbar microdiscectomy provides more rapid recovery than
non-operative treatment, but no difference in functionality and pain is
found in the long run (Jacobs et al., 2011b; Loupasis et al., 1999). The
underlying mechanisms of these residual complaints remain largely
unknown, although identification of these factors is listed as a high
research priority in this research area (Costa et al., 2013; McGregor
et al., 2006).
Optimal postural control is indispensable to carry out functional
activities. An essential daily functional activity, which necessitates
postural control (Lord et al., 2002), is the sit-to-stand-to-sit (STSTS)
task (Dall and Kerr, 2010). In LBP patients, the STSTS task ismore energy
demanding (Shum et al., 2009) and associated with altered movement
patterns (Jacobs et al., 2011a). Decreased postural control is a potential
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nism for this is reduced lumbosacral proprioception.When lumbosacral
proprioceptive signals lose reliability due to LBP, individuals are likely to
rely dominantly on ankle proprioceptive signals, irrespective of the
postural demands (Brumagne et al., 2008; Claeys et al., 2011, 2015).
Consensus on the effect of lumbar surgery on postural control is lacking.
One study showed that individuals recovered the ability to control their
postural sway in the early postoperative period (Sipko et al., 2010),
although another study showed no full recovery 3months after surgery
(Leinonen et al., 2003). Even 3 years after surgery, postural control was
still impaired, even in those who were pain-free (Bouche et al., 2006).
Enhancing postural control may play a role in the resolution of long-
term residual functional complaints after lumbar surgery. However, no
studies exist on the effect of rehabilitation on postural control after
lumbar microdiscectomy. Active over passive treatment after lumbar
surgery (Carragee et al., 1999), and an early start of physiotherapy
is suggested (Hebert et al., 2010; Millisdotter and Strömqvist, 2007).
However, utilization of these parameters appears to be low (Williamson
et al., 2007), and significant variability in routine treatment and advice
in outpatient care after surgery is observed (Karikari and Isaacs, 2010;
Williamson et al., 2007). Moreover, until now only low-quality evidence
of physiotherapy after lumbar microdiscectomy was found, due to the
lack of individualized and targeted care (Oosterhuis et al., 2014).
Also, different lumbar surgery procedures have been used. Since
classic paramedian surgical approaches require more muscle damage,
minimally invasive transmuscular approaches have been developed,
although clinical evidence is discussed nowadays (Kamper et al.,
2014). Adequate function of the paraspinal trunk muscles, potentially
to be damaged by surgery, is indispensable for postural control (Hides
et al., 1996). However, the influence of the transmuscular versus
paramedian approach of lumbar microdiscectomy on lumbosacral
proprioceptive acuity has not been investigated yet. Taken together, it
remains unknown whether the impaired postural control in lumbar
microdiscectomy patients might be attributed to altered proprioceptive
use, and whether it affects STSTS performance. Moreover, it is unclear
whether these parameters are affected by surgical technique and
physiotherapy.
Optimizing clinical outcomes after lumbar surgery is recognized as a
priority for future research (McGregor et al., 2006). Identifying specific
and adaptable underlying mechanisms can support the development
of tailored interventions (van der Windt and Dunn, 2013). Therefore,
the first aim of this studywas to evaluate the specific use of propriocep-
tion during postural control after two types of lumbarmicrodiscectomy.
We hypothesized that proprioceptive use during postural control
and STSTS performance are impaired after lumbar microdiscectomy,
and that a transmuscular approach creates less impairment than a
paramedian approach. The second aim was to confirm the presence of
these impairments after lumbar microdiscectomy by investigating the
effect of early active individualized physiotherapy on it. We hypothe-
sized that early active individualized physiotherapy enables lumbar
microdiscectomy patients to increase reliance on lumbosacral, rather
than ankle, proprioceptive signals during postural control and improves
STSTS performance. This proof-of-principle would confirm the presence
of proprioceptive impairments as one underlying mechanism of the
residual complaints after lumbar microdiscectomy.
2. Methods
2.1. Participants
One hundred and nine patients after lumbar microdiscectomy were
assessed for eligibility by the neurosurgeon. Patients were included if
their age ranged between 18 and 60 years old, if they had a first-time
single-level (L4–L5 or L5–S1) paramedian disc herniation indicative
for surgical intervention and if they reported a score of at least 10% on
the Oswestry Disability Index (version 2.1.a, adapted Dutch version)(ODI-2) after surgery (Fairbank and Pynsent, 2000). Participants were
excluded from the study in case of previous spinal surgery, median
disc herniation, vestibular or neurological disorders, significant neuro-
logical deficit (paresis N 4/5), lower limb problems, or work accident.
Twenty-five eligible participants were included and four independent
groups were created (Fig. 1): transmuscular surgery + physiotherapy
(n = 6), transmuscular surgery + usual care (n = 6), paramedian
surgery + physiotherapy (n = 6), and paramedian surgery + usual
care (n=7). These groups were clustered by a mixed group design be-
cause power analysis (Brumagne et al., 2008; Claeys et al., 2011, 2012,
2015; Janssens et al., 2015) revealed a sample size of 11 participants
to provide adequate power (0.80 with a two-tailed alpha level of 0.05)
to detect a clinically relevant difference in center of pressure displace-
ment on unstable support surface (our primary outcome measure
with smallest effect size). First, they were randomly allocated (blinded
by computer algorithm) for surgical approach into a transmuscular
group (n = 12; 7 women/5 men) and paramedian group (n = 13; 7
women/6 men). Subsequently, the same patients were re-allocated
into a physiotherapy group (n = 12; 7 women/5 men) and a usual
care group (n= 13; 7 women/6 men). Before surgery, all participants
completed a number of questionnaires. Severity of pain was scored by
the Numerical Rating Scale (NRS) (Jensen et al., 1986). The Fear-
Avoidance Beliefs Questionnaire (FABQ) was completed to identify to
which extent fear of LBP affects their work and physical activity
(Waddell et al., 1993). The Hospital Anxiety and Depression Scale
(HADS) was completed to assess anxiety and depression (Zigmond
and Snaith, 1983). The Pain Catastrophizing Scale (PCS) was completed
to assess the amount of catastrophizing associated with their LBP
(Sullivan et al., 1995). Finally, motivation for study participation was
scored on the Numerical Rating Scale (NRS) (0-10).
The participants’ characteristics before lumbar microdiscectomy are
summarized in Table 1. All participants gave their written informed
consent. The study conformed to the principles of the Declaration of
Helsinki (1964) and was approved by the local Ethics Committee of
Biomedical Sciences, Katholieke Universiteit Leuven and registered at
www.clinicaltrials.gov (NCT01505595).
2.2. Study design
The objectives of this study were, first, to investigate proprioceptive
use during postural control and STSTS performance after two surgical
approaches of lumbar microdiscectomy and, second, to investigate the
effect of early active individualized physiotherapy on these parameters.
These primary outcomeswere evaluated at 2 (baseline), 8 and 24weeks
after surgery. These primary outcomes were not evaluated before sur-
gery due to pre-surgery disability. Secondary outcomes were severity
of pain and LBP-related disability and kinesiophobia, evaluated before
and 2 (baseline), 8, 24 weeks, and 1 year after surgery. Global perceived
effect of the intervention (0–10), duration of work absence (days), and
recurrence rate were scored 1 year after surgery. Fig. 1 displays the
flowchart of the study.
2.3. Materials
2.3.1. Surgical procedures of lumbar microdiscectomy
2.3.1.1. Transmuscular approach. A 2-cm incision was made at two cm
from the midline at the spinal level of the disc herniation (L4–L5 or
L5–S1). A Kirschner pin was inserted and directed toward the facet
joint, confirmed by fluoroscopy. Subsequently, dilators were introduced
over the Kirschner pin. A final tubular retractor (18mmouter diameter,
METRx system, Medtronic) was inserted over the sequential dilators
and seated firmly on the bony anatomy. The tubular retractor was
then attached to a fixation arm, connected with the surgical table.
Using microscope magnification, the caudal part of the lamina was
removed, and the ligamentum flavum was opened. The thecal sac and
Fig. 1. Flowchart of the study.
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removed.
2.3.1.2. Paramedian approach. A 3- to 4-cm incision was made at
the midline at the spinal level of the disc herniation (L4–L5 or L5–S1),
confirmed by fluoroscopy. The skin was incised in the midline, and the
fascia thoracolumbalis was incised at a paramedian location. The
lumbosacral muscles were detached from their insertion at the spinous
process and ligamentum interspinosum. A speculum was inserted into
the incision, and the caudal part of the laminawas removed by Kerrison
rongeurs undermicroscopemagnification. The ligamentum flavumwas
opened. The thecal sac and the nerve root were retracted medially and
the herniated material was removed.
2.3.2. Physiotherapy
The individual physiotherapy started 2 weeks after surgery at
the Department of Physical Medicine and Rehabilitation (University
Hospitals Leuven, Belgium). The programwas based on a history taking
and physical examination. The physiotherapy focused on individual-
oriented patient education, ergonomics and motor control exercises,
and, if required, segmental spinal mobilizations and neurodynamics.Table 1
Participants’ characteristics before lumbar microdiscectomy.
Transmuscular (n= 12) Paramedian (n= 13) P-v
Age (year) 49 (10) 43 (9) 0.1
Height (cm) 173 (10) 172 (11) 0.8
Weight (kg) 75 (15) 79 (16) 0.5
BMI (kg/m2) 25 (3) 26 (4) 0.3
ODI-2 (%) 23 (10) 24 (8) 0.7
NRS pain 7.1 (2.6) 8.3 (1.5) 0.1
FABQ 38 (12) 45 (10) 0.1
HADS 16 (6) 14 (7) 0.4
PCS 29 (10) 26 (9) 0.5
Motivation 8.2 (1.7) 9.2 (1.1) 0.1
Data are presented as mean (standard deviation); BMI: bodymass index; ODI-2: Oswestry Disa
Beliefs Questionnaire (0–66); HADS: Hospital Anxiety and Depression Scale (0–21); PCS: PainExamples of specific physiotherapy techniques were correction of
sitting posture, isolated and low-intensity recruitment of the deep
abdominal and back muscles (Tsao and Hodges, 2008), active and pas-
sive neurodynamic sliders of the sciatic nerve (Shacklock, 1995), and
segmental mobilization of the thoracolumbar spine. The emphasis on
the early and active component of physiotherapywas based on previous
evidence (McGregor et al., 2006). Eight to 15 sessions of physiotherapy
were administered during a maximum period of 12 weeks. The usual
care group received only basic ergonomic advice, the advice to stay
active and a restriction of physiotherapy for at least 12 weeks.
2.3.3. Primary outcome measures
2.3.3.1. Proprioceptive use during postural control. The experimental
setup is demonstrated in Fig. 2. Postural sway characteristics were
assessed by center of pressure displacement with a 6-channel force
plate (Bertec, OH, USA). Force plate signals were sampled at 500 Hz
with a Micro1401 data acquisition system and Spike2 software
(Cambridge Electronic Design, UK). Local muscle vibration was used
to investigate the role of proprioception in postural control. Muscle
vibration (60 Hz, 0.5 mm) is a powerful stimulus of muscle spindle Iaalue Physiotherapy (n= 12) Usual care (n= 13) P-value
53 46 (11) 46 (8) 0.996
72 174 (10) 171 (11) 0.485
86 79 (16) 75 (15) 0.587
76 26 (4) 26 (3) 0.802
93 25 (6) 22 (11) 0.485
14 7.6 (2.3) 7.6 (2.3) 1.000
83 41 (10) 42 (12) 0.844
44 14 (6) 15 (7) 0.881
61 27 (13) 28 (7) 0.892
88 8.5 (1.9) 8.8 (1.2) 0.558
bility Index Version 2 (0–100); NRS: numerical rating scale (0–10); FABQ: Fear-Avoidance
Catastrophizing Scale (0–52).
Fig. 2. Experimental setup to evaluate proprioceptive use during postural control.
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Roll and Vedel, 1982). When the central nervous system uses proprio-
ceptive signals of the vibrated muscles for postural control, this causes
a directional corrective center of pressure displacement. The amount
of this center of pressure displacement represents the extent to which
an individual makes use of the proprioceptive signals of the vibrated
muscles to maintain the upright posture. Muscle vibrators (Maxon mo-
tors, Switzerland) were applied bilaterally over the triceps surae
(‘ankle’) muscles and lumbar paraspinal (‘back’) muscles, as studied
previously (Brumagne et al., 2008; Claeys et al., 2011, 2012, 2015;
Janssens et al., 2015).
Participants were instructed to stand barefoot on the force plate,
with their arms relaxed along the body and occluded vision. Two condi-
tions were used: (1) upright standing on a stable support surface and
(2) upright standing on an unstable support surface (Airex balance
pad). On an unstable support surface, ankle proprioceptive signals are
less reliable, which enforces reliance upon proximal proprioceptive
signals (i.e., proprioceptive weighting), thereby highlighting proprio-
ceptive deficits (Ivanenko et al., 1999). Within each condition, muscle
vibration (15 s) was added bilaterally to the ankle muscles (trial 1)
and to the back muscles (trial 2). The directional effect of muscle vibra-
tion on mean anterior–posterior center of pressure displacement was
calculated. To provide information about proprioceptive dominance, a
relative proprioceptive weighting ratio (RPW) was calculated using
the following equation: RPW= (Abs ankle) / (Abs ankle + Abs back).
‘Abs ankle’ is the absolute value of themean center of pressure displace-
ment during ankle muscle vibration and ‘Abs back’ during back muscle
vibration. An RPW score equal to 1 corresponds to 100% reliance on
ankle muscle proprioception, whereas a score equal to 0 corresponds
to 100% reliance on back muscle proprioception (Brumagne et al.,
2008; Claeys et al., 2011, 2012, 2015; Janssens et al., 2015).2.3.3.2. Sit-to-stand-to-sit (STSTS). Participants were instructed to sit
barefoot on a stool on the force plate, with their arms relaxed along
the body and vision occluded. The stool height was adjusted to create
a 90° angle in both hips and knees. After 15 s of usual sitting, the partic-
ipants were asked to perform five STSTS movements, as fast as possible
andwith a full range ofmotion. The duration of this task, determined by
the center of pressure displacement (Arcelus et al., 2009), was calculated
(Simmonds, 1998).
2.3.4. Secondary outcome measures
The severity of back pain and leg painwere scored independently by
NRS (Jensen et al., 1986), and the highest score of both was taken into
analysis as the severity of pain score. Disability related to LBP was
evaluated with the ODI-2 (Fairbank and Pynsent, 2000). The Tampa
Scale for Kinesiophobia (TSK) from 17 (‘low’) to 68 (‘high’) was
completed to identify the participants’ fear of (re)injury following
movements or activities (Kori et al., 1990).
2.4. Statistical analysis
A one-way analysis of variance (ANOVA) was used to examine
differences in baseline characteristics between the two groups (Table 1).
A between and within ANOVAwas used to examine differences between
subjects and within subjects. A post hoc test (Tukey) was performed to
further analyze these results in detail. The statistical analysis was
performed with Statistica 9.0 (Statsoft, USA). The level of significance
was set at P b 0.05.
3. Results
3.1. Effect of surgical approach
3.1.1. Primary outcome measures
3.1.1.1. Relative proprioceptive weighting ratio (RPW). When observing
the relative use of ankle versus back muscles proprioceptive input
2 weeks after surgery (baseline), both the transmuscular and the
paramedian group showed a dominant use of ankle proprioception on
stable and unstable support surface, as shown by RPW ratios all above
0.5. The transmuscular group switched to a more back proprioceptive
use on unstable support surface 24 weeks after surgery, compared to
2 weeks (0.22 change; P = 0.001) and 8 weeks (0.19 change; P =
0.003). This switch to a more back proprioceptive usewas not observed
in the paramedian group (P N 0.05). Furthermore, significant more back
proprioceptive use was found on unstable, compared to stable support
surface 2 weeks (both groups; P b 0.05), 8 weeks (both groups;
P b 0.05), and 24weeks (both groups; P b 0.005) after surgery. Fig. 3 dis-
plays the RPW ratios of the transmuscular and paramedian group.
3.1.1.2. Sit-to-stand-to-sit (STSTS). Both the transmuscular and
paramedian group needed significantly less time to perform five con-
secutive STSTS movements at 8 weeks (transmuscular: 10 s change;
P = 0.003) (paramedian: 6 s change; P = 0.012) and 24 weeks
(transmuscular: 14 s change; P = 0.001) (paramedian: 11 s change;
P= 0.001) compared to 2 weeks after surgery. No difference in STSTS
performance was found between the surgical approaches (P N 0.05).
Fig. 4 displays the STSTS times of the transmuscular and paramedian
group.
3.1.2. Secondary outcome measures
Compared to pre-surgery, severity of pain (NRS) declined signifi-
cantly 2 weeks after surgery (P b 0.001), whereas ODI-2 only declined
after 8 weeks (P b 0.05) and TSK scores did not change up to 1 year
after surgery (P N 0.05). No differences in secondary outcomes were
found between the transmuscular and paramedian group (P N 0.05).
Fig. 3. Relative proprioceptive weighting ratios (mean and standard deviation) on stable
and unstable support surface 2, 8, and 24 weeks after lumbar microdiscectomy in a
transmuscular and paramedian surgery group. High values indicate high reliance on
ankle muscles proprioceptive signals, whereas low values indicate high reliance on back
muscles proprioceptive signals. *Significant difference (P b 0.05) compared to 2 and
8 weeks post surgery. §Significant difference (P b 0.05) between stable and unstable
support surface.
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paramedian group.
3.2. Effect of physiotherapy
3.2.1. Primary outcome measures
3.2.1.1. Relative proprioceptive weighting ratio (RPW). When observing
the relative use of ankle versus back muscles proprioceptive input
2 weeks after surgery (baseline), both the physiotherapy and usual care
group showed a dominant use of ankle proprioception on stable and
unstable support surface, as shown by RPW ratios all above 0.5. The phys-
iotherapy group switched to a more back proprioceptive use on unstable
support surface 24 weeks after surgery, compared to 2 weeks (0.24
change; P = 0.001) and 8 weeks (0.17 change; P = 0.001). This was
not observed in the usual care group (P N 0.05). Furthermore, significant
more back proprioceptive use was found on unstable, compared to stable
support surface 2weeks (usual care; P=0.002), 8weeks (physiotherapy;
P= 0.018) and 24 weeks (both groups; P= 0.001) after surgery. Fig. 5
displays the RPW ratios of the physiotherapy and usual care group.Fig. 4.Duration of five sit-to-stand-to-sit movements (mean and standard deviation) 2, 8,
and 24 weeks after lumbar microdiscectomy in a transmuscular group and paramedian
surgery group. *Significant difference (P b 0.05) compared to 2 weeks post surgery
(baseline).3.2.1.2. Sit-to-stand-to-sit (STSTS). Both the physiotherapy and usual care
group needed significantly less time to perform five consecutive STSTS
movements at 8 weeks (physiotherapy: 13 s change; P = 0.001)
(usual care: 4 s change; P = 0.021) and 24 weeks (physiotherapy:
14 s change; P=0.001) (usual care: 11 s change; P=0.001), compared
to 2weeks after surgery. Although both groups improved over time, the
physiotherapy group performed the STSTS task significantly faster at
8 weeks compared to the usual care group (14 (4) s vs. 26 (14)
s) (P = 0.010). Fig. 6 displays the STSTS times of the physiotherapy
and usual care group.
3.2.2. Secondary outcome measures
Compared to 2 weeks after surgery, severity of pain (NRS) did not
change up to 1 year after surgery (P N 0.05), whereas ODI-2 declined
after 8 weeks (P b 0.05). A trend suggested ODI-2 to be lower in the
physiotherapy compared to the usual care group at 24 weeks after sur-
gery (P = 0.062). One year after surgery, TSK scores were declined
(P b 0.05) and were significantly lower in the physiotherapy compared
to the usual care group (P= 0.009). The global perceived effect of the
intervention did not differ between both groups (P = 0.662), but the
duration of work absence after 1 year was significantly lower in the
physiotherapy group (P = 0.034). Three patients of the usual care
developed a recurrence and needed second-time lumbar surgery, and
none of the participants in the physiotherapy group needed re-
surgery. Table 3 displays the secondary outcomes in the physiotherapy
and usual care group.
4. Discussion
After first-time lumbar microdiscectomy, patients exhibited a rela-
tively low reliance on lumbosacral proprioceptive signals and high reli-
ance on ankle proprioceptive signals to maintain balance. Six months
after surgery, this was particularly pronounced in those who received
paramedian, compared to transmuscular surgery. Individualized and
early started physiotherapy after surgery facilitated increased reliance
on lumbosacral proprioceptive signals 6 months after surgery, whereas
this was not observed in the patients receiving usual care. Furthermore,
already 8weeks after surgery, patients following physiotherapy needed
significantly less time to perform five consecutive STSTS movements,
compared to those receiving usual care. However, the surgical approach
did not affect STSTS performance. Severity of pain declined immediately
after surgery, whereas LBP-related disability only declined after
8 weeks. Kinesiophobia was lower after physiotherapy compared to
usual care, although the surgical approach did not influence this. To
the author’s knowledge, this is the first study evaluating proprioceptive
use and related functionality in patients after lumbar microdiscectomy,
and the effect of surgical approach and physiotherapy on it. It is impor-
tant to notice that the described effects of physiotherapy are regardless
of surgical technique, and the described effects of surgical approach are
regardless of the (non-)physiotherapeutic intervention after surgery.
Two weeks after surgery, patients showed lower reliance on lumbo-
sacral proprioceptive signals compared to ankle proprioceptive signals.
After surgery, patients needed 29 s to perform five STSTS movements
without vision, although healthy young individuals only needed 8 s
(Claeys et al., 2012). Another study, with individuals with comparable
moderate-to-high ODI scores after surgery, reported the need for 18 s
after lumbar surgery but with vision (Kulig et al., 2009). Additionally,
we found a comparable degree of down-weighting of lumbosacral pro-
prioceptive signals and up-weighting of ankle proprioceptive signals in
individuals with non-specific LBP without surgical history (Claeys et al.,
2011), that affected STSTS performance (Claeys et al., 2012). Therefore,
the current study suggests that the reliability of the lumbosacral propri-
oceptive signals still remains reduced after lumbar microdiscectomy.
This may explain the long-term postural control deficits after lumbar
surgery (Bouche et al., 2006; Leinonen et al., 2003).
Table 2
Secondary outcome measures in the transmuscular and paramedian group.
Pre-surgery 2 weeks 8 weeks 24 weeks 1 year P-value (within)
NRS pain Transmuscular 7.1 (2.6) 4.2 (2.2) 2.9 (1.9) 2.5 (1.0) 2.9 (2.2) b0.001* (pre vs. 2 weeks, 8 weeks, 24 weeks, 1 year)
Paramedian 8.3 (1.5) 3.6 (2.4) 2.6 (2.4) 2.8 (2.9) 3.3 (2.7) b0.001* (pre vs. 2 weeks, 8 weeks, 24 weeks, 1 year)
P-value (between) 0.309 0.800 0.895 0.956 0.700
ODI-2 (%) Transmuscular 23 (10) 28 (16) 20 (16) 14 (11) 16 (15) b0.05* (pre vs. 8 weeks, 24 weeks, 1 year)
Paramedian 24 (8) 24 (9) 16 (15) 11 (12) 13 (10) b0.01* (pre vs. 8 weeks, 24 weeks, 1 year)
P-value (between) 0.783 0.576 0.222 0.582 0.610
TSK Transmuscular – 44 (6) – 42 (5) 37 (5) N0.05
Paramedian – 43 (7) – 38 (5) 37 (4) N0.05
P-value (between) – 0.774 – 0.577 0.226
Work absence (days) Transmuscular – – – – 104 (79) –
Paramedian – – – – 155 (71) –
P-value (between) – – – – 0.698
Recurrence rate Transmuscular – – – – 1 –
Paramedian – – – – 2 –
P-value (between) – – – – –
Data are presented as mean (standard deviation). NRS: numerical rating scale (0–10); ODI-2: Oswestry Disability Index Version 2 (0–100); TSK: Tampa Scale for Kinesiophobia (17–68).
Significant P-values are marked with *.
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gery was both visible after the traditional paramedian approach and
after the minimally invasive transmuscular approach of surgery. Six
months after surgery, the paramedian approach caused individuals to
rely even less on lumbosacral proprioceptive during balance control,
compared to 2 weeks after surgery. This surgically induced propriocep-
tive weighting can be explained by different mechanisms. First, the
mechanoreceptors in the outer annulus of the intervertebral disc, spinal
ligaments (Fagan et al., 2003; Roberts et al., 1995) and facet joint
capsules (McLain and Pickar, 1998) have a proprioceptive function,
and thus may be damaged during lumbar surgery. Second, the
paramedian technique is accompanied by detachment of the trunk
controlling muscles which may additionally damage proprioceptive
endings in the muscles, i.e. the muscle spindles. Furthermore, the
paramedian technique is associated with greater atrophy of the
multifidus muscles compared to the transmuscular technique (Kim
et al., 2008; Suwa et al., 2000), although themultifidus muscles account
for two-thirds of the spinal control at level L4–L5 (Wilke et al., 1995).
Additionally, the surgical incision, especially using the paramedian
technique, creates muscle ischemia (Karikari and Isaacs, 2010), which
may also reduce the proprioceptive reliability, as muscle spindles areFig. 5. Relative proprioceptive weighting ratios (mean and standard deviation) on stable
and unstable support surface 2, 8, and 24 weeks after lumbar microdiscectomy in a
physiotherapy group and usual care group. High values indicate high reliance on ankle
muscles proprioceptive signals, whereas low values indicate high reliance on back
muscles proprioceptive signals. *Significant difference (P b 0.05) compared to 2 and
8 weeks post surgery. §Significant difference (P b 0.05) between stable and unstable
support surface.strongly perfused (Kokkorogiannis, 2004). Therefore, local ischemia
might disturb muscle spindle function of the lumbosacral muscles,
enforcing the use of ankle proprioceptive signals to maintain posture
(Delliaux and Jammes, 2006). Third, muscle spindle function can be di-
minished by pain (Capra and Ro, 2000), although pain in contrast to dis-
ability (evaluated by ODI-2) was already diminished immediately after
surgery. Finally, the patients reported a high degree of kinesiophobia
after surgery, according to reference values (Vlaeyen et al., 1995). This
can be confirmed by Svensson et al. (2011), and these high TSK scores
seem to be based on fear of moving wrong would undo the surgery
(Williamson et al., 2008). Fear of movement in individuals with LBP is
associated with trunk muscle stiffness (Karayannis et al., 2013). This
stiffness creates short-term protection of the spine (Hodges et al.,
2013), but appears to be maladaptive in the long run, since flexible spi-
nal movement is critical in maintaining postural control (Mok and
Hodges, 2013), and in optimal STSTS performance (Dubost et al.,
2005). This in turn may explain the dominant ankle proprioceptive
use and the poor STSTS performance after lumbar microdiscectomy.
Taken together, the less damaging effect of transmuscular lumbar
surgery techniques on proprioceptive and functional aspects on the
long-term might have been overlooked in the past. The present study
is the first to point in that direction.
We observed a higher reliance on lumbosacral proprioceptive input
and lower reliance on ankle proprioceptive input 6months after surgery
in the groupwho received physiotherapy. High ankle proprioceptive re-
liancehas recently been recognized as a risk factor for future LBP (Claeys
et al., 2015). This factor can nowbe suggested as a reversible parameter,Fig. 6.Duration of five sit-to-stand-to-sit movements (mean and standard deviation) 2, 8,
and 24 weeks after lumbar microdiscectomy in a physiotherapy group and usual care
group. *Significant difference (P b 0.05) compared to 2 weeks post surgery (baseline).
#Significant difference (P b 0.05) between groups.
Table 3
Secondary outcome measures in the physiotherapy and usual care group.
Pre-surgery 2 weeks 8 weeks 24 weeks 1 year P-value (within)
NRS pain Physiotherapy 7.6 (3.2) 3.3 (2.5) 2.7 (1.9) 1.8 (1.3) 2.1 (2.1) b0.001* (pre vs. 2 weeks, 8 weeks, 24 weeks, 1 year)
Usual care 7.6 (3.2) 4.5 (1.9) 2.8 (2.4) 3.4 (2.6) 3.8 (2.6) b0.001* (pre vs. 2 weeks, 8 weeks, 24 weeks, 1 year)
P-value (between) 0.667 0.489 0.602 0.241 0.088
ODI-2 (%) Physiotherapy 25 (6) 26 (14) 17 (15) 9 (8) 15 (15) b0.05* (pre vs. 8 weeks, 24 weeks, 1 year)
Usual care 22 (11) 26 (13) 19 (16) 16 (12) 16 (11) b0.01* (pre vs. 8 weeks, 24 weeks, 1 year)
P-value (between) 0.584 0.427 0.516 0.062 0.629
TSK Physiotherapy – 42 (6) – 43 (5) 36 (2) b0.05* (2 weeks, 24 weeks vs. 1 year)
Usual care – 44 (7) – 38 (5) 38 (5) N0.05 (2 weeks, 24 weeks vs. 1 year)
P-value (between) – 0.801 – 0.524 0.009*
Global perceived effect Physiotherapy – – – – 2.7 (1.6) –
Usual care – – – – 2.6 (1.3) –
P-value (between) – – – – 0.662
Work absence (days) Physiotherapy – – – – 69 (38) –
Usual care – – – – 143 (84) –
P-value (between) – – – – 0.034*
Recurrence rate Physiotherapy – – – – 0 –
Usual care – – – – 3 –
P-value (between) – – – – –
Data are presented as mean (standard deviation). NRS: numerical rating scale (0–10); ODI-2: Oswestry Disability Index version 2 (0–100); TSK: Tampa Scale for Kinesiophobia (17–68).
Significant P-values are marked with *.
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specific LBP population without surgical history (Claeys et al., 2015).
The improved proprioceptive use after physiotherapy might be caused
by a more optimal activation of the multifidus muscles. Hebert et al.
(2010) observed already decreased intramuscular fat in the multifidus
after 8weeks of physiotherapy following lumbarmicrodiscectomy. Sev-
eral studies demonstrated that motor control exercises improve
multifidus muscles function and postural control, both by changes on
a peripheral (Hides et al., 1996; Tsao and Hodges, 2008) and central
level (Tsao et al., 2010). By verifying thepossibility to reverse the subop-
timal proprioceptive use during postural control in lumbar surgery
patients through physiotherapy, our results suggest that the lack of
motor control contributes to the reduced functionality after surgery.
The impact of physiotherapy on functionality was shown by a faster
STSTS performance in the physiotherapy group, already 8 weeks after
surgery, and a trend toward a lower ODI-2 score after 1 year. The
improvement in proprioceptive use might have determined the faster
STSTS performance since this latter task requires postural control
(Lord et al., 2002). Furthermore, the association between proprioceptive
use and STSTS performance was already observed in non-specific LBP
patients (Claeys et al., 2012). However, we do not have direct proof of
this causal relationship in the current study.
Although pain already decreased remarkably by lumbar micro-
discectomy, regardless of the approach, the impact of LBP on functional-
ity improved only after an additional physiotherapy program. Our
advice for early active physiotherapy after lumbar microdiscectomy is
supported by the fact that physiotherapy elicited early STSTS improve-
ment and diminished kinesiophobia, whereas the transmuscular
approach could not reveal improvements on functional parameters.
This latter can also be explained by the fact that the clinical added
value of less invasive surgical techniques of lumbar microdiscectomy
is recently found questionable (Kamper et al., 2014).
The positive effect of physiotherapy on functional parameters such
as STSTS, ODI, and TSK was also reflected in the shorter duration of
work absence in the physiotherapy group, compared to the usual care
group. Indeed, lower ODI scores are associated with shorter work
absence following lumbar disc herniation (Puolakka et al., 2008). For
re-surgery, no related factors (age, gender, preoperative symptoms,
physical activity, or employment) are previously defined; however,
physiotherapy was not evaluated in that study (Häkkinen et al., 2007).
An important limitation of this study was the small sample size. As a
consequence, itwas not possible to calculate a potential interaction effect
(physiotherapy/usual care x transmuscular/paramedian technique),
based the a priori power calculation. Nevertheless, as a consistentwithin-group effect was observed, this proof-of-principle study suggests
that reduced proprioceptive use can be an underlying mechanism in the
residual complaints after lumbar microdiscectomy. However, it must be
kept inmindwhile interpreting the results that the effects of physiother-
apy are regardless of surgical technique, and the effects of surgical
approach are regardless of (non)physiotherapy. A second limitation is
the lack of a pre-surgery evaluation of proprioceptive use and STSTS
performance. Due to pre-surgery disability, this evaluation was not
performed. However, it would have providedmore insight into the effect
of the surgical intervention itself, free from the existing LBP, on the
outcomes. Moreover, a matched control group without lumbar surgical
history would have improved the study design. A prospective study
with a large sample size must reveal whether proprioceptive measures
can select patients at risk of residual complaints after lumbar surgery
(den Boer et al., 2010) and, consequently, improve targeted care for
lumbar microdiscectomy patients (Costa et al., 2013; McGregor et al.,
2006; van der Windt and Dunn, 2013).
5. Conclusion
Two weeks after first-time lumbar microdiscectomy, patients show
a low reliance on lumbosacral proprioceptive signals and high reliance
on ankle proprioceptive signals to maintain balance, a slow STSTS per-
formance, and moderate-to-high disability. Six months after surgery,
this maladaptive proprioceptive use was particularly pronounced
when using the paramedian compared to the transmuscular surgical
technique. However, early individualized active physiotherapy enabled
to increase the reliance on lumbosacral proprioceptive signals, leading
to an earlier improvement in the performance of STSTS and lower
kinesiophobia. Therefore, lumbosacral proprioceptive impairments
may play an important and modifiable factor underlying disability
after lumbar microdiscectomy and justifies further study to target this
in a larger sample and long-term follow-up.
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